The physical features and perinatal hazards of infants of diabetic mothers are well known. There are fewer reports, however, about the later progress of surviving children, though the experience of this hospital and university department has been published (Farquhar, 1959 (Farquhar, , 1965 (Table I) .
All babies who survived the newborn period have been followed and regularly re-examined.
Perinatal Fetal Loss
The perinatal loss rate for the series is 20 9°% and the breakdown by stillbirths and neonatal deaths is shown in Table II. In the entire series 30 of the 40 stillbirths took place before the start of labour and 4 were anencephalic. Received July 16, 1968. *It should be understood abroad that the National Health Service, which began in 1948, ensures that the diabetic mothers are an unselected group as all treatment is free and the Royal Infirmary Clinic draws from a wide geographical area and from all economic levels of society.
Fetal loss has changed little in the insulintreated group since 1958 when care passed from one obstetrician to another (Fig. 1) , a small decrease in stillbirths being offset by a small rise in neonatal deaths. The further analysis of these deaths according to possible cause will be published later, but the failure to improve fetal survival is disappointing in view of the considerable effort which has been made.
Follow-up All children who survived the first 4 weeks of life are contacted at intervals of from 1 to 3 years, and the present report refers to a follow-up conducted in 1966-67.
The success of this follow-up is shown in Table  III and the geographical distribution is given in Table IV . In previous similar examinations children in this series have been examined in Aden, Cyprus, and Zambia. Where children died, the necropsy report was obtained, or, in a few where no Later deaths. Of 260 babies who survived the first four weeks of life, 4 died later. One died at 5 weeks of age: no malformation had been found at birth and the baby was well on discharge from the Simpson Pavilion until the day of death. This was unexpected and quick: the family doctor arrived moments before the infant died and heard a soft heart murmur; he certified death as being due to congenital heart disease, but no necropsy was performed. Other causes are at least equally possible.
Of the 3 others, 1 died at 7 years of purulent meningitis, 1 was killed at 5 years in a road accident, and 1 developed Hodgkin's disease and died at 15 years. None had any detectable malformation.
Survivors. The malformations (Table V) range from a lethal deformity to a slight cosmetic disability. Trivialities such as small naevi on unexposed areas were disregarded. Detection was by history and by clinical examination. Laboratory aids and x-ray diagnosis were undertaken only if there was clinical indication.
The incidence of such malformations in the various groups and over-all is shown in Tanner et al. chart, 1966) . (modified Tanner et al. chart, 1966.) unity (e.g. 15= 1-67), whereas the lower the weight in relation to height, the lower the index will be (e.g. 75 = 0°6).
125 Individual indices for boys and girls are shown in Fig. 6 . Only 10 children have an index of unity, and other horizontal lines indicate 1-25 and 0-75. Fig. 7 shows the much greater frequency of indices exceeding rather than falling short of unity. It also shows that children with indices of 1 -25 or more make up 22% of all whose indices exceed unity, whereas children with indices of 0 * 75 or less make up only 2 50% of those with indices below unity.
Excessive weight is almost 10 times commoner than unusually low weight.
These numbers are distributed by sex according to age-groups in Fig. 8 too heavy and only infrequently too light in relation to the standard of 1 -0. The number of children in each age-group with an index of 1 -25 or more has been expressed as a percentage of all the children in the same age-groups, and the results are shown in Fig. 9 . Excessive weight relative to height in these children increases progressively from birth to adolescence until it affects almost 1 in 4. Girls are affected more commonly than boys, but this difference between the sexes narrows between 15 and 18 years of age. The previous observations (Farquhar, 1959 (Farquhar, , 1962a , that more than half of the mothers had no Hagbard (1961) , Pedersen, Tygstrup, and Pedersen (1964) , Farquhar (1965) , and Pedersen (1967) . Earlier studies (Rubin and Murphy, 1958) suggested that the incidence of malformations differed little in infants Joslin's textbook emphasizes the author's belief in it. In a previous study here (Farquhar, 1965) , infants of diabetic mothers were matched with a simultaneous control series, and both groups were examined by the author using the same criteria of 'significant abnormality'. No striking difference in incidence was found, though the nature of the defects differed a little and those in the diabetic group were more serious. So far as can be found, this was, until recently, the only study in which diabetic and normal groups were matched in this way. Another control study has now been reported from London (Watson, 1968) . Pedersen (1967) concludes that there is now general agreement that significant congenital malformations occur more frequently in infants of diabetic mothers, and present a major problem in diabetic pregnancy, and his data and his review of the literature have convinced Jackson (1967) . Though it has been impossible to continue the controlled series in Edinburgh, it has been possible to examine all children of diabetic mothers at birth, throughout life, and at necropsy. The different experience of Boston and Copenhagen on the one hand and of Edinburgh on the other is obvious.
Development of Diabetes
Perinatal deaths. Malformations killed 1 *500 of babies in the Edinburgh series and 2 0% in the Copenhagen one (Pedersen et al., 1964 Copenhagen (12 and 5 per 1000 respectively). These are high figures. The incidence of these severe CNS malformations in Britain (for diabetic and non-diabetic pregnancies) ranges from 1 per 1000 births in south-east England, to 2 or 3 times this figure in most of Scotland and 4 per 1000 in Ireland (Brit. med. J., 1968) . In Sweden, where the population resembles that in Denmark, the general incidence is lower, 0 54 per 1000 births (McKeown and Record, 1960) .
In both Edinburgh and Copenhagen, therefore, the incidence of anencephaly is much higher in the diabetic than in all pregnancies, though the usual greater incidence in a Scottish than in a Danish population persists. The Boston (U.S.A.) series of necropsies on infants of diabetic mothers, described by Driscoll, Benirschke, and Curtis (1960) , however, does not include a single anencephalic fetus, and this is surprising in view of the proportion of Irish (Celtic) people there. Anencephaly is in fact a common cause of perinatal death in Boston (Naggan and MacMahon, 1967) . Perhaps anencephalic babies were not necropsied in the Boston Lying-in Hospital series, and thus escaped inclusion in the report.
The Edinburgh series of necropsies had not a single serious congenital malformation of the heart, but these were found in 23 5% of necropsies in Copenhagen and 14* 7% in Boston. Similarly, Cardell (1953) found one supernumerary valve cusp in his series of 25 necropsies in London in what was obviously a most meticulous search. A recent study of 'Potential Diabetes' in Belfast by Hadden and Harley (1967) reported 4 times as many CNS malformations as cardiac ones in the perinatal deaths. The apparent national differences in the incidence of lethal congenital heart malformations in babies of diabetic mothers may be due in part to the incidence of necropsy examination in the published series (94% of the Edinburgh deaths were examined in this way) or they may represent a true difference among all births in these communities. Thus, Forfar and Nelson (1969) , in a report about to be published, calculate that the incidence of all congenital heart malformations, whether lethal Pedersen (1967) The over-all follow-up rate of 98% is very high in relation to general experience (Small, 1967) and was highest in the insulin-and drug-treated groups Of these about 85% were examined by the author (and had been examined at intervals of 2 or 3 years all their lives). The great majority of the remainder were examined by specially briefed senior paediatricians. Laboratory and radiological investigations were not undertaken without a positive clinical lead. It would be pointless, for example, to examine each child by excretion urography without resorting again to the same technique in properly matched controls. It is believed that clinical examination was of an adequate standard.
On the basis of this reappraisal of the Edinburgh study it is probably fair to conclude that, whatever the truth may be about the incidence of malformations in the world as a whole, differences do exist in the frequency of certain anomalies, and this is most strikingly true of the heart.
There is no evidence that variation in incidence and quality can be related to the use of drugs in the complex situation of early diabetic pregnancy. The theory that stricter carbohydrate control in other centres might lead to an improved fetal survival rate but to a high incidence of hypoglycaemia and of consequent congenital malformations seems to be unlikely. This is sad because it is an attractive idea. The enormous meningoencephalocele in this series occurred in the baby of a young girl who had two severe hypoglycaemic comas during the first 12 weeks of the pregnancy. Pedersen et al. (1964) conclude, however, that hypoglycaemia is not important.
On the other hand, Pedersen relates the occurrence of congenital anomalies to the existence of diabetic vascular complications in the mother, and shows, in the Copenhagen series, that the incidence of serious malformation rises as vascular complications advance. Were this true, it could explain the difference between this series and Pedersen's, because the Edinburgh series contains very few women with advanced vasculopathy. Therapeutic abortion and maternal sterilization have made this a rarity, and certainly in the past 12 years there have been no pregnant diabetics in White's groups E or F at the Simpson Memorial Maternity Pavilion. Strangely enough, the only case of sacral agenesis was born in 1950: this mother had been an insulintreated diabetic since 1946 when she was 18 years old. She had one further healthy baby in 1966. She has commonly defaulted from the diabetic clinic. In 1964 she was specifically examined for vascular changes. She had no proteinuria, her blood pressure was 120/70 mm. Hg, and her creatinine clearance was normal. She had very little change in the optic lens and the retinal background was graded I. This position was unchanged in 1966, so that 16 years after bearing the only severe skeletal anomaly in the whole series this woman remains remarkably free from vascular degeneration.
Fetal malformation could not be correlated with diabetic severity in the Boston series according to Driscoll et al. (1960) , and Pedersen (1967) is forced to conclude that 'geographical differences have to be contemplated too'. Certainly the other controlled study from Britain (Watson, 1968) claims no significant difference in congenital malformations in the diabetic and control groups. Thus, the incidence may vary from centre to centre, and so may the nature of the malformations and their association with hypoglycaemia and vascular degeneration.
The problem may be approached from two directions. The first is to discover the incidence of maternal diabetes mellitus in a large series of children showing specific malformation, and this has indicated that diabetes can somehow be related to these. The other is to examine, as here, large series of children born to diabetic and normal women, and this is obviously going to take much longer to establish proof. I agree with Pedersen (1967) Sweden, Hagbard (1961) found that survivors at a mean age of about 5 years were smaller but heavier than average, and this fits the Edinburgh experience. The present study shows in the first place that almost 1 in 10 of surviving children falls below the 3rd centile for height, whereas only 1 in 50 falls above the 97th. In the second place, and this is more striking, excessive weight is very much commoner than poor weight for height, and is true of every fourth or fifth survivor by late adolescence, with a slightly higher incidence in girls. This represents an interesting return by some to the obesity which affects almost all infants of diabetic mothers at birth.
Diabetes in children of diabetic mothers. According to White (1959) , 9 of every 100 children in the Boston study are already diabetic by the age of adolescence, and a further 14 are borderline diabetics, with diagnostic impairment of glucose tolerance. This high figure is unequalled in other recorded series. White does not declare how many of the children in her study also had diabetic fathers, and this information may be important, though only 4 of every 100 children born to diabetic mates had developed clinical diabetes in the study of Cooke et al. (1966) . Nor does White say if she followed a consecutive series of cases. Her patients were drawn from the Boston area, but she does not tell us how many of them declined examination. The series could, therefore, represent a group in which those with diabetes or with a strong family history might enter the followup, while others, less anxious, did not. In contrast, Harris (1950) suggested that 1-4 per 100 might become diabetic by the age of 40 years. In Sweden Hagbard (1961) found 1 diabetic child aged 12 years in 514, giving an incidence of 0-19 per 100. In Australia Breidahl (1966) reported 1 diabetic in 200 such children or 0 * 5 per 100. Neither of these series seem to have involved personal follow-up of an unbroken sequence of children.
The present study, with only one known mating of diabetic parents, includes 2 diabetic children in 260 or 0 77 per 100. This figure is a long way short of the Boston one, but it is already approaching Harris's predicted incidence at an age when only about 0 035 per 100 Scottish children are diabetic in the general population (Farquhar, 1962b ). This suggests that the incidence of diabetes in children of diabetic mothers is 22 times greater than in the general child population. The final incidence is obviously quite unknown and there is little chance of keeping this group intact for much longer.
The incidence of potential diabetes among the perinatal deaths is unknown. Theirs are the pancreases in which islet hypertrophy is recognized and in which increased insulin secretion is assumed. Perhaps the fetus who carries the full genetic message of diabetes is more vulnerable in the diabetic environment, but this suggestion is purely speculative.
Growth and prediction of diabetes. White (1959) suggested the existence of a positive correlation between accelerated growth and clinical diabetes or chemical prediabetes. This thought inspired the present growth study in the hope that body size and shape might prove to have predictive value. In spite of the unusual growth pattern described above in this series our experience conflicts with this. In the first place the physical deviation from normality in Edinburgh is toward excessive body weight for height and, possibly, toward short stature. In the second place neither of the two Edinburgh diabetic children, described below, fully fits the hypothesis.
The girl who has become diabetic weighed 2551 g. when born at 37 weeks' gestation. Her mother was 24 years old at that time, had been diabetic for 5 years, and had been treated with insulin since she was diagnosed. One year before becoming diabetic the child was below the 3rd centile for height, but she was also below the 3rd centile for weight and was distinctly thin rather than obese. She had been similarly tiny for age at 2 years when her large persistent ductus arteriosus was recognized and successfully treated. Her 'W/H Index' in 1966 was 0 79 so that she was not only short but also thin.
The male diabetic, however, weighed 3827 g. when born at 36 weeks' gestation. His The present weights and heights of most surviving children fall within the normal distribution of weight and height for age and sex. There are, however, more children than expected whose heights fall below the 3rd centile.
A weight-to-height index has been calculated for each child, and an index of 1 -25 or more is taken to represent excessive weight for height. High indices are common and low indices are uncommon. The incidence of high indices increases progressively with age and is greater in girls than in boys.
The incidence so far of juvenile clinical diabetes among survivors is 0 77 per 100, which is already 22 times greater than in the general population under 16 years of age. Neither of the two cases recorded has a high weight-to-height index: one is short and thin, the other is of average build.
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